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UNISYS

DATE: September &, 1994 PPM-94-023
TQ: A, Mecum/311.0
FROM: K. Sahw/300.1 K&
SUBJECT: Radiation Report on FUSE
Part No. 26C31
Control No. 10900 cc: A. Sharma/311

Library/300.1

A radiation evaluation was performed on 26C31 (Quad Op Amp) to determine the total dose tolerance of these
parts. A brief sumunary of the test results is provided below. For detailed information, refer to Tables I through IV
and Figure 1.

The total dose testing was performed using a cobalt-60 gamma ray source. During the radiation testing, eight parts
were {rradiated under bias (see Figure 1 for bias configuration), and two parts were used as control samples. The
total dose radiation levels were 2.5, 5, 10, 15, 20, 30, 50, 75 and 100 krads*. The dose rate was between 0.04 and
1.3 krads/hour, depending on the total dose level (see Table II for radiation schedule). After the 100 krad
irradiation, parts were annealed at 25°C for 168 hours, after which the parts were annealed at 100°C for 168 hours.
After each radiation exposure and annealing treatment, parts were electrically tested according to the test
conditions and the specification limits** listed in Table III.

All parts passed finitial electrical measurements. AH irradiated parts passed all electrical tests up to the 2.5 krad
level.

At the 5 krad level, S/N 83, 84, 85, 86, 87, 88 and 90 fell below the minimum specification limit of -100 uA for
Aoutl _ioffh - Doutl_ioffh and Aout2_joffl - Dout2_ioffl, with readings in the range of -172 to -201 pA. In
addition, S/N 90 exceeded the maximum specification limit of 14.0 ns for tr_Boul, with a reading of 560.2 ns.

At the 10 krad level, S/N 84 exceeded the maximum specification limit of 14.0 ns for ir_Coul, with a reading of
1000.7 ns and S/N 88 exceeded the maximum specification limit of 14.0 ns for tr_Boul, with a reading of 552.1
ns. The same failures continued for Aoutl_iofth - Doutl ioffh and Aout?_ioffl - Dout2_ioffl, with readings
around -200 pA. In addition, S/N 83, 84, 85 and 88 exceeded the maximum specification limit of 3.0 ns for at
least one of the parameters A_Skew_lh, B Skew lh and C_Skew_lh, with readings in the range of 3.3 to 7.3 ns,
In addition, S/N 86 fell below the minimum specification limit of 2.50 V for A2 voh, with a reading of 0.98 V.,

At the 15 krad level, /N 83, 85, 88, 89 and 90 fell below the minimum specification limit of 2.50 V for A2_voh
with readings in the range 0.91 to 1.11 V and $/N 89 and 90 fell below the minimum specification limit of 2.50 V
for B2_voh with readings of 1.27 and 1.07 V, respectively. The same failures continued in all irradiated parts for
Aoutl _ioffh - Doutl_ioffh and Aowt2_ioffl - Dout2 joffl, with readings around -200 uA, for A Skew Ih,
B_Skew_lh and C_Skew_lh, with readings in the same range as at the 10 krad level, and for tr_Aocul and tr Boul,
with readings in the range of 1000 to 5000 ns, :

*The term rads, as used in this document, means rads(siticon). All radiation levels cited are cumulative,
**These are manufacturer's non-irradiation data specification limits. No post-irradiation limits were provided by
the manufacturer at the time these tests were performed. No radiation tolerance/hardness was guaranieed by the
manufacturer for this part.
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At the 20 and 30 krad levels, the same failures continued, in the same range, along with additional similar failurcs
in C2_voh and marginal failures in some propagation delay tests.

At the 50 krad level, the failures noted above continued, in approximately the same range of values. In addition,
all irradiated parts exceeded the maximum specification limit of 0.50 V for Al_vol - D1_vol, with readings of
approximately 1.0 V. and feil below the minimum specification limit of 2.50 V for A2_voh - D2_voh, with
readings in the range of 0 - 1.2 V.  All parts exceeded the maximum specification limit of 2100 pA for ICC_Vih,
with readings in the range of 2450 to 3264 pA and S/N 84, 85, 86, 88 and 90 exceeded the maximum specification
limit of 2100 pA for ICC_Vil, with readings in the range of 2438 1o 2688 pA. At this level, all irradiated parts
also exceeded the maximum specification limit of 5.00 #A for various iout_leak tests (Tests 45 - 59), with readings
in the range of 7 to 18 pA, each part failing about 8 of the 15 tests, and S/N 84, 85, 86, 88 and 90 fell below the
minimum specification limit of -1.000 wA for Din_iil, with readings in the range of -1.1.2 to -1.5 pA. In addition,
all irradiated parts also marginally failed various propagation delay and rise and fall time tests.

At the 75 krad level, the same failures continued, with approximately the same readings. At this level, all
irradiated parts also fell below the minimum specification limit of -100.00 pA for Aout_ioff] - Dout2_ioff1 (Tests
69 - 76), with readings of approximately 200 pA.

At the 100 krad radiation level, all irradiated parts exceeded the maximum specification limit of 500.00 pA for
ICC_gnd and ICC_vee, with readings in the range of 2045 - 3547 pA. Readings for ICC_vil and ICC_vih
increased to a range of 6375 to 103 KA. All other failures continued, with increasing readings.

After annealing for 168 hours at 25°C, some reduction in ICC current was seen but readings were still outside
specification limits. No other recovery was observed.

After annealing for 168 hours at 100°C, some rebound effects were observed: The mean value for tplh_Aout] went
from 12.7 ns, which is within the maximum specification limit of 14 ns, to 17 ns; the mean value for A _Skew lh
went from 2.87 ns, which is within the maximum specification limit of 3 ns, to 5.44 ns; the mean value for
A_Skew_hl went from 1.96 ns, which is within the maximum specification limit of 3 ns, to 5.66 ns; the mean
value for tr_Aoul went from 11.9 ns, which is within the maximum specification limit of 14 ns, to 1001 ns; the
mean value for tr_Aou?2, whose maximum specification limit is 14 ns, went from 1036 to 1501 ns; the mean value
for tf Aou2 went from 10.2 ns, which is within the maximum specification limit of 14 ns, to 16 ns; and the mean
value for tpzh_Aoul, tpzl_Aou2 and tpzl_Aou2 increased between 10 and 100%, but remained within specification
limits.

Table IV provides a summary of the mean and standard deviation values for each parameter afier different
irradiation exposures and annealing steps.

Any further details about this evaluation can be obtained upon request. If you have any questions, please call me at
(301) 731-8954.



ADVISORY ON THE USE OF TIiIS DOCUMENT

The information contained in this document has heen developed solely for the purpose of providing
general guidance to employees of the Goddard Space Flight Center (GSEC). This document may be
distributed outside GSFC only as a courtesy to other government agencies and contractors. Any
distribution of this document, or application or use of the information contained herein, is expressly
conditional upon, and is subject to, the following understandings and limitations:

(a) The information was developed for general guidance only and is subject to change at any time;

(b) The information was developed under unique GSFC laboratory conditions which may differ
substantially from outside conditions;

(c) GSFC does not warrant the accuracy of the information when applied or used under cther than
unique GSFC laboratory cenditions;

(d} The information should not he construed as a representation of product performance by either GSFC
or the manufacturer;

{¢) Neither the United States government nor any person acting on hehalf of the United States
government assurnes any liability resulting from the application or use of the information.
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TABLE 1. Part Information

Generic Part Number: 26C31

FUSE

Part Number: 26C31*

FUSE

Control Number: 10900

Charge Number: C44370

Manufacturer: National Semiconductor
Lot Date Code: 9317A

Quantity Tested: 10

Serial Number of

Control Samples: 81, 82

Serial Numbers of

Radiation Sample; 83, 84, 85, 86, 87, 88, 89, 90
Part Function: Quad Op Amp

Part Technology: Bipolar

Package Style: TQ-8 can

Test Equipment: AS40

Test Engineer: C. Nguyen

* No radiation tolerance/hardness was guaranteed by the manufacturer for this part.
-4- .



TABLE II. Radiation Schedule for 26C31

EVENTS DATE
1) INITIAL ELECTRICAL MEASUREMENTS 07/08/94
2) 2.5 KRAD IRRADIATION (0.034 KRADS/HOUR) 07/08/94
POST-2.5 KRAD ELECTRICAL MEASUREMENT 07/11/94
3) 5 KRAD IRRADIATION (0.13 KRADS/HOUR) 07/11/94
POST-5 KRAD ELECTRICAL MEASUREMENT 07/12/94
4) 10 KRAD IRRADIATION (0.29 KRADS/HOUR) 07/12/94
POST-10 KRAD ELECTRICAL MEASUREMENT 07/13/94
5) 15 KRAD IRRADIATION (0.26 KRADS/HOUR) 07/13/94
POST-15 KRAD ELECTRICAL MEASUREMENT 07/14/94
6) 20 KRAD IRRADIATION (0.25* KRADS/HOUR) 07/14/94
POST-20 KRAD ELECTRICAL MEASUREMENT 07/15/94
7) 30 KRAD IRRADIATION (0.15 KRADS/HOUR) 07/15/94
POST-30 KRAD ELECTRICAL MEASUREMENT 07/18/94
8) 50 KRAD IRRADIATION (1.11 KRADS/HOUR) 07/19/94
POST-50 KRAD ELECTRICAL MEASUREMENT 07/20/94
9) 75 KRAD IRRADIATION (1.32 KRADS/HOUR) 07/20/94
POST-75 KRAD ELECTRICAL MEASUREMENT 07/21/94
10) 100 KRAD IRRADIATION (1.32 KRADS/HOUR) 07/21/94
POST-100 KRAD ELECTRICAL MEASUREMENT 07/22/94
11) 168-HOUR ANNEALING @25°C . 07/22/94
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT 07/29/94
12) 168-HOUR ANNEALING @100°C* 08/01/94
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT 08/12/94

PARTS WERE IRRADIATED AND ANNEALED UNDER BIAS; SEE FIGURE 1.

*A power outage interrupted irradiation after 3 hours at 0.25 krads/hr. The parts remained under bias at 25°C for
16 hours, after which irradiation was continued for 3.5 hours at 1.16 krads/hr for a total accummulated dose of 20
krads. '

**High temperaiure annealing is performed to accelerate long term time dependent effeots (TDE), namely, the
“rebound" effect due to the growth of interface states after the radiation exposure. For more information on the
need to perform this test, refer to MIL-STD-883D, Method 1019, Para. 3.10.1.
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Table I11. Electrical Characteristics of 26C31

5.5 V unless specified otherwise.

Test name

ICC_gnd
ICC_weco
ICC_wil
ICC_wvih

Al_woh
Bl_wvoh
Cl_voh
D1_voh

A2_wch
B2_wvoch
C2_voh
D2_voh

Al vol
Bl_vol
Cl_wol
D1_wvol

AZ_wol
B2_vol
- C2_vol
TD2_vol

ENH_iih
ENL_iih
Ain_iih
Bin_iih
-Cin_iih
Din_iih

ENH_iil
ENI._iil
Ain_iil
Bin_iil
Cin_iil
bin_iil

ENH_iih
ENL_iih
Ain_iih
Bin_iih
Cin_jih
Din_iih

ENH_iil
ENL_iil
Ain_iil
Bin jil
Cin_iil
Din_iil

Min

0.0 ua
0.0 ua
G.0 va
0.0 ua

-1.0¢00
-1.000
~1.000
~1.000
~1.040

.-1.000

-1.000
~1.000
-1.000
~1.000
-1.000
-1.000

-1.000
~1.000
-1.000
-1.000
-1.0400
-1.000

-1.000
-1.000
-1.000
~1.000C

~1.000

-1.000

]

b

(=]
4d4<d

]

in

<o
4444

ua
ua
ua
ua
ua
ua

uz
ua
ua
ua
ua
ua

ua
ua
ua
us
ua
ua

ua
ua
us
us
ua
ua

Max

500.0
500.0

2100.0 ua
2100.0 ua

0.50
0.50
0.50
0.50

0.50
0.50
0.50
0.50

1.000
1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

1,000

1.000
1.000
1.000
1.000
1.000

1.000
1.000
1.000
1.000
1.000
1.000

ua
ua,

<4

4444

ua

ua
ua
ua
ua
ua
ua

ua
ua
ua
ua
ua
uz

Test conditions

Vin
Vin
Vin
vin

Vees
Veo=
Vee=
Vee=

Voo
veos=
Vee=
Vee=

Vaes
Veoo=
Vees
Vee=

Vees
Vee=
Vee=
Vee=

Vin
Vin
Vin
Vin
Vin
Vin

Vin
Vin
Vin
Vin
Vin
Vin

Vin
Vin
Vin
Vin
Vin
Vin
Vin
Vin
Vin

Vin
"Vin

Vin

4.

ov
S.5v
0.5v
2.4vv

Sv iout

4.5v iout
4.5v iout
4.5v iout

4.5v iout
4.5v iout
4.5v jout
4.5v iout

4.5v iout
4.5v iocut
4.5v iout
4.5v iocut

4.5v iout
4.5v iout
4.5v iout
4.5v iout

Pounnnnn

W nnwn

Hounaononon

oo ownnn

5.5v
5.5v
5.0v
5.5v
5.5v
S.5v

0.0v
0.0v
0.0v
0.0v
0.0v
0.0v

2.0v
2.0v
2.0v
2.0v
2.0v
2.0v

0.8v
0.8v
0.8v
0.8v
0.8v .
0.8v

—20ma

]

—20ma
-20ma

mnnn

=-20ma
=-20ma
=-20ma
=-20ma

20ma
20ma
20ma
20ma

unnon

20ma
20ma,
20ma
20ma

Bononn



Table III'(cont.). Electrical Characteristics of 26C31

Test name

Acutl_iozh
Boutl_iozh
Coutl_ioezh
Doutl_iozh

Aout2_jozh
Bout2_iozh
Cout2_iozh
Dout2_iozh

Aoutl_iozi
Boutl _iozl
Coutl_iozl
Doutl_iozl

Aosut2_iozl
Bout2_jozl
Cout2_jozl
Dout2_iozl

- Aoutl_ioffh
Boutl_jioffh
Coutl_ioffh
Doutl_ioffh

Aout2_ioffh
Bout2_ioffh
Cout2_ioffh
Dout2_ioffh

Aoutl_ioffl
Boutl_ioffl
Coutl_ioffl
Doutl_ioff)
Aout2_ioff]
Bout2_ioffl
Cout2_inffl
Dout2_ioff]

Acutl_isc
Boutl isc
Coutl_isc
Doutl_isc

Aout2_isc
Bout2_ise
Cout2_isc
Dout2_isc

Al vt
Bl vt
Cl_wvt
Dl_wvt

AZ_wt
B2_wvt
C2_wvt
D2_vt

v diffi
v_diff2
v diff3
v_diffd

Min

-5.00
-5.00
~5.00
~5.00

~5.00
-5.00
-5.00
=5.00

~5.00
-5.00
-5.00
~5.00

=10¢.0
=-100.0
-~100.0
~190.0
~100.0
-100.0
-100.0
~100.0

-150.0

.~150.,0

-150.0
~150.0

-15¢.0
-150.0
-150.0
~150.0

2.00
2.00
2,00
2.00

2.00
2.00
2,00
2.00

ua
ua
ua,
ua

ua
ua
ua
ua

ua

56§

ua
ua
ua

5§65

L

5656

=1

BEEE EHBE &

TEE

44 49

-

Max

5.00
5.00
5.00
.00

5.00
5,00
5.00
5.00

5.00
5.00
5.00
5.00

5.00
5.00
5.00
5.00

100.0
100.0
100.0

un
ua
ua
ua

ua
ua
u=
ua

ua

100.0 ua

100.0
100.0
2006.0
109.0

-30.0
-30.0
-10.0
-30.%

=-30.0

. =30.0
=30.0

~30.0

0.46¢0
0.400
6.400
0.400

EES

EEBR EEEE

¢ d a4 d

Test

Vout
Vout
Vout
Vouk

Vout
Vout
Vout
Vout

Vout
Vout
Vout
Vout

Vouk
Vout
Vout
Vout

Vec
Veo
Voo
Vee

vVeo
Veo
Veo
Vee

Vee
Voo
Yoo
Yoo
Voo
Vee

Veo =
Voo =

¥in
Vin
Vin
Vin

Vin
Vin
¥in
Vin

Veo
Voo
Voo
Voo

Veo
Vece
Voo

Voo

Veo
Vee
Voo
Voo

conditions

nnun oy

nmenn

H i na

oo

B nnwn

M mnn

Howonon

5. Sv
5.5v
5.5v
5.5v

4.5v
4.5v
4.5v
4.5v

4.5v
4.5v
4.5v
4.5v

RN RN

[ [ I



Table III (cont.). Electrical Characteristics of 26C31

test# Test name Min Max Test conditions
97 tplh Acutl 14.0 ns Voo = S5.0v
98 tplh_Boutl 14.0 ns
9% tplh Coutl 14.0 ns
100  tplh_Doutl 14.0 ns
101 tplh_kout2 14.0 ns
102 tplh Bout2 - 14.0¢ ns
103 tplh_cout2 14.0 ns
104 c©plh Dout2 14.0 ns
105 tphl_Aoutl " 14.0 ns Vee = S.0v
106 ephl_Boutl 14.0 ns
107 tphl_Cout} 14.0 ns
108 tphl_Doutl 14.0 ns
109  tphl_jout?2 14.0 ns
11¢  tphl_Bout2 14.0 ns
i1l tphl_cout2 . 14.0 ns
112  tphl_Doutz 14.0 ns
113 A_Skew_lh 3.0 ns
114 B_skew_t1h 3.0 ns
115 ¢_gkew 1h 3.0 ns
116 D_gkew_lh 3.0 ns
117 A_Skew_hi 3.0 ns
118 B_Skew_hl 3.0 ns
118 c¢_gkew_hi 3.0 ns
120 D_Skew_hl 3.0 ne
121 tr_houl - ) 14.0 ns
122 tr Boul ! 14.0 n=s
123 tr coul 14.0 ns
124 tr_Doul 14.0 ns
125 tr_Aou2 14.0 ns
126 tr_Bou2 14.0 ns
127 tr_Cou2 ’ 14.0 ns
128 tr_bou2 14.0 ns
129 tf_houl . 14.0 ns
130 tf_Boul : 14.0 ns
131 tf_coul 14.0ns
132 tf boul _ 14.0 ns
132 tf_Aouz 14.0 ns
134 tf_Bou2 14,0 ns
135 tf_Coul . 14.0 ns
136 tf Dou2 14.0 ns
137 tpzh_koul 2é.o ns
138 tpzh_Bouil 22.0 ns
139 tpzh_Coul . 22.0 ns
140 tpzh_Doul : 22.0 ns
141 tpzl_Acuz 28.0 ns
142 tpzl_ Bou2 23.0 ns
143  tpzl_cCou 28.0 ns
144 tpzl Dou2 : : 28.0 ns



Table II (cont.). Electrical Characteristics of 26C31 =

test# . Test name Min Max Test conditions
i45 tplz_Aocu2 14.0 ns
146 tplz_Bou2 14.0 ns
147 tplz_Cou2 14.0 ns
148 tplz_boul 14.0 mns

performed Go / No Go at 250C :

- Vil , Vih, and Fucntional test.
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Figure 1. Radiation Bias Circuit for 26C31
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